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(54) Purging control of fuel cell anode effluent 

(57) A fuel cell power plant comprises a fuel cell 
stack (1) for outputting a current in accordance with a 
chemical reaction amount between hydrogen in hydro- 
gen-rich gas which is supplied to an anode (1 A) and ox- 
ygen which is supplied to a cathode (1C). Sensors (12, 
13) detect the concentration of impurity gas contained 
in the hydrogen-rich gas. When the impurity gas has 
reached a predetermined concentration, a controller 



(1 0) adjusts the output current of the fuel cell stack (1) 
or the flow rate of hydrogen-rich gas supplied to the an- 
ode (1 A) (S5) such that the entire amount of hydrogen 
supplied to the anode (1A) is expended in power gen- 
eration by the fuel cell stack (1). As a result, hydrogen 
is removed from the anode effluent and the release of 
hydrogen into the atmosphere during the purging of the 
anode effluent can be prevented. 
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Description 

FIELD OF THE INVENTION 

[0001] This Invention relates to fuel cell anode effluent 5 
processing. 

BACKGROUND OF THE INVENTION 

[0002] Tokkai 2001 -23673 published by the Japanese 10 
Patent Office in 2001 discloses a permeation device for 
hydrogen-rich gas which uses a hydrogen permeable 
membrane to increase the hydrogen concentration of 
hydrogen-rich gas which is supplied to the anode of a 
fuel cell. The hydrogen permeable membrane has a is 
quality for allowing the permeation of hydrogen mole- 
cules and for disallowing the permeation of carbon mon- 
oxide (CO), methane (CH 4 ) t carbon dioxide (C0 2 ) and 
the like, which have larger molecules than hydrogen 
molecules. A palladium alloy permeable membrane or 20 
a solid polymer hollow fiber membrane is used as this 
type of hydrogen permeable membrane. 
[0003] The permeation device comprises two cham- 
bers defined by the hydrogen permeable membrane. 
Hydrogen-rich gas is supplied to the first chamber. The 25 
hydrogen permeable membrane allows the passage of 
only the hydrogen components in the hydrogen-rich gas 
in the first chamber to the second chamber. As a result, 
hydrogen-rich gas with an increased hydrogen concen- 
tration is supplied to the anode of the fuel cell from the 30 
second chamber. The residual gas in the first chamber 
following the removal of the hydrogen components is 
supplied to a burner or the like. Anode effluent which is 
discharged from the anode of the fuel cell during power 
generation still contains a considerable amount of hy- 3s 
drogen. This anode effluent is led through a recirculation 
passage to the second chamber of the permeation de- 
vice, mixed with the hydrogen which has passed 
through the hydrogen permeable membrane, and re- 
supplied to the anode. 40 

SUMMARY OF THE INVENTION 

[0004] If pinholes appear in the hydrogen separating 
membrane, molecules of impurity gases such as carbon 45 
monoxide, methane, and carbon dioxide which are con- 
tained in the hydrogen-rich gas in the first chamber and 
which are larger than hydrogen molecules pass through 
the hydrogen separating membrane into the second 
chamber. Due to the manufacturing methods of hydro- so 
gen separating membranes, however, it is difficult to 
avoid the occurrence of pinholes. As a result, the con- 
centration of impurity gases in a recirculation passage 
rises as the duration of power generation in the fuel cell 
increases. 55 
[0005] This increase in impurity gas concentration 
causes a reduction in the hydrogen partial pressure of 
the hydrogen-rich gas supplied to the anode, and thus 



the power generating efficiency of the fuel cell deterio- 
rates. Further, the carbon monoxide within the impurity 
gas poisons the anode catalyst and inhibits hydrogen 
ionization. 

[0006] In a fuel ceil power plant which uses reformate 
gas processed from hydrocarbon fuels such as metha- 
nol or gasoline, the concentration of the impurity gas in 
the reformate gas is high, thereby aggravating this prob- 
lem. Even in a fuel cell power plant which uses hydrogen 
gas that is purified in advance, the production of 1 00% 
pure hydrogen gas is impossible, and hence the same 
problem, although to a differing extent, cannot be avoid- 
ed. 

[0007] Increases in the impurity gas concentration in 
the recirculation passage mainly occur due to the im- 
pure components in the hydrogen-rich gas supplied to 
the first chamber and concentrated during the process 
of the aforementioned hydrogen permeation and anode 
effluent recirculation. However, impurity gas such as ni- 
trogen in the air which is supplied to the cathode also 
permeates the electrolyte membrane to the anode even 
though the permeation amount is small. Moreover, when 
the hydrogen-rich gas which is supplied to the anode is 
humidified, water vapor is inevitably produced. This wa- 
ter vapor also accumulates in the recirculation path as 
impurity gas. !n order to prevent such increases In im- 
purity gas concentration, the recirculation of the anode 
effluent must be interrupted occasionally for purging the 
anode effluent in which impurity gas content has be- 
come high. 

[0008] However, since the anode effluent contains a 
large amount of hydrogen, purging causes an increase 
in loss of the fuel which is the raw material of the hydro- 
gen-rich gas. Further, the anode effluent contains a 
large amount of hydrogen, which is a flammable gas, 
and therefore cannot be released directly into the at- 
mosphere and must be processed by combustion or the 
like. In order to bum the anode effluent, additional equip- 
ment is necessary. 

[0009] It is therefore an object of this invention to re- 
duce the hydrogen concentration of purged anode efflu- 
ent during purging for preventing increases in impurity 
gas concentration. 

[0010] In order to achieve the above objects, this in- 
vention provides a fuel cell power p lant comprising a fuel 
cell stack for performing power generation by means of 
an electrochemical reaction between hydrogen con- 
tained in hydrogen-rich gas which is supplied to an an- 
ode and oxygen which is supplied to a cathode. The fuel 
cell stack comprises a stacked body of a plurality of fuel 
cells each of which outputs an electrical current in ac- 
cordance with an electrochemical reaction amount. 
[0011] The power plant further comprises an adjust- 
ment mechanism which adjusts a flow rate of the hydro- 
gen-rich gas supplied to the anode or an output current 
of the fuel cell stack, a sensor which detects a concen- 
tration of impurity gas contained in the hydrogen-rich 
gas, and a controller functioning to determine if a con- 
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centration of the impurity gas has reached a predeter- 
mined concentration, and control the adjustment mech- 
anisms to cause an entire amount of the hydrogen sup- 
plied to the anode to be expended in power generation 
by the fuel cell stack, when the concentration of the im- 
purity gas has reached the predetermined concentra- 
tion. 

[0012] This invention also provides a control method 
of a power plant that comprises a fuel cell stack for per- 
forming power generation by means of an electrochem- 
ical reaction between hydrogen contained in hydrogen- 
rich gas which is supplied to an anode and oxygen which 
is supplied to a cathode, and an adjustment mechanism 
which adjusts a flow rate of the hydrogen-rich gas sup- 
plied to the anode or an output current of the fuel cell 
stack. The fuel cell stack comprises a stacked body of 
a plurality of fuel cells each of which outputs an electrical 
current in accordance with an electrochemical reaction 
amount. 

[001 3] The control method comprises detecting a 
concentration of impurity gas contained in the hydrogen- 
rich gas, determining if a concentration of the impurity 
gas has reached a predetermined concentration, and 
controlling the adjustment mechanisms to cause an en- 
tire amount of the hydrogen supplied to the anode to be 
expended In power generation by the fuel cell stack, 
when the concentration of the impurity gas has reached 
the predetermined concentration. 
[0014] The details as well as other features and ad- 
vantages of this invention are set forth in the remainder 
of the specification and are shown in the accompanying 
drawings. 
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[0023] FIG. 9 is a schematic diagram of a fuel cell 
power plant according to a sixth embodiment of this in- 
vention. 

[0024] FIGs. 10A and 10B are flowcharts illustrating 
an anode effluent purging control routine executed by a 
controller according to the sixth embodiment of this in- 
vention. 

[0025] FIG. 11 is a schematic diagram of a fuel cell 
power plant according to a seventh embodiment of this 
invention. 

[0026] FIG. 12 is a schematic diagram of a fuel cell 
power plant according to an eighth embodiment of this 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a schematic diagram of a fuel cell 
power plant according to this invention. 
[0016] FIG. 2 is a diagram illustrating the effect on the 
performance of a fuel cell of impurity gas supplied to the 
anode of the fuel cell. 

[001 7] FIG. 3 is a flowchart illustrating an anode efflu- 
ent purging control routine which is executed by a con- 
troller according to this invention. 
[001 8] FIG. 4 is a flowchart illustrating the main parts 
of an anode effluent purging control routine which is ex- 
ecuted by a controller according to a second embodi- 
ment of this invention. 

[0019] FIG. 5 is similar to FIG. 3, but showing a third 
embodiment of this invention. 

[0020] FIG. 6 is similar to FIG. 3, but showing a fourth 
embodiment of this invention. 

[0021] FIG. 7 is a schematic diagram of a fuel cell 
power plant according to a fifth embodiment of this in- 
vention. 

[0022] FIG. 8 is a flowchart illustrating an anode efflu- 
ent purging control routine which is executed by a con- 
troller according to the fifth embodiment of this inven- 
tion. 
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[0027] Referring to FIG. 1 of the drawings, a fuel cell 
stack 1 of a fuel cell power plant is constituted by a 
stacked body of a large number of fuel cells connected 
in series. Each fuel cell is constituted by an electrolyte 
membrane 1B interposed between an anode 1 A and a 
cathode 1C, and electrically conductive separators 1D 
and 1E disposed on the outsides of the anode 1A and 
cathode 1C. It should be noted that for the purpose of 
explanation, the fuel cell stack 1 in the drawing illus- 
trates the constitution of a single fuel cell, but an actual 
fuel cell stack 1 is constituted by a stacked body in which 
these fuel cells are connected in series, and metallic ter- 
minals 20A and 20B for extracting an electric current are 
provided on the two ends of the stacked body. 
[0028] The fuel cell stack 1 generates power by 
means of the reaction of hydrogen in the hydrogen-rich 
gas which is supplied to the anode 1 A and oxygen in the 
air which is supplied to the cathode 1 C. 
[0029] Hydrogen-rich gas is produced by a reformer 

2 and a hydrogen separator 3. The reformer 2 produces 
reformate gas containing a large amount of hydrogen 
by reforming ethanol or gasoline. The reformate gas 
flows into a first chamber 3A of the hydrogen separator 

3 through a flow control valve 7. 

[0030] The hydrogen separator 3 is constituted by a 
first chamber 3A and a second chamber 3B which is par- 
titioned from the first chamber 3A by a hydrogen perme- 
able membrane 3C. The hydrogen permeable mem- 
brane 3C has a quality which allows only the permeation 
of small-dimension hydrogen molecules and disallows 
the permeation of other gas molecules with larger di- 
mensions than hydrogen molecules. This type of hydro- 
gen permeable membrane has become well-known 
through the aforementioned Tokkai 2001-23673. 
[0031] Thus only the hydrogen in the reformate gas 
which is supplied to the first chamber 3A passes through 
the hydrogen permeable membrane 3C to reach the 
second chamber 3B. The residual components are re- 
leased into the atmosphere from the first chamber 3A. 
[0032] The hydrogen which passes through the hy- 
drogen permeable membrane 3C to reach the second 
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chamber 3B is supplied to the anode 1 A of the fuel cell 
stack 1 as hydrogen-rich gas via a hydrogen supplying 
passage 9. The cathode 1C of the fuel cell stack 1 is 
supplied with air of a predetermined pressure from an 
air supplying passage 31 . 

[0033] In the fuel cell stack 1 , power is generated by 
the reaction of the hydrogen in the hydrogen -rich gas 
supplied to the anode 1 A and the oxygen in the air sup- 
plied to the cathode 1C. 

[0034] After expending hydrogen for the reaction, the 
residual gas Is discharged from the anode 1 A. This gas 
shall be referred to as anode effluent. The anode 1 A is 
supplied with a greater amount of hydrogen than Is nec- 
essary for a power generation reaction, and therefore a 
large amount of hydrogen Is still contained in the anode 
effluent 

[0035] In order to reuse the hydrogen in the anode ef- 
fluent, a recirculation passage 5 is connected to the an- 
ode effluent outlet of the fuel cell stack 1 via a three-way 
valve 4. The three-way valve 4 functions to switch be- 
tween two positions, a purge running position for releas- 
ing the anode effluent into the atmosphere through an 
exhaust passage 6, and a normal running position for 
allowing the anode effluent to flow into the recirculation 
passage 5: The recirculation passage 5 is connected to 
the second chamber 3B of the hydrogen separator 3. 
[0036] A load 22 is connected to the terminals 20A 
and 20S of the fuel ceil stack 1 via an electrical circuit 
21 . The load 22 comprises an alternating current motor 
and inverter, a secondary battery, auxiliaries, and a pow- 
er management unit for controlling the power supply to 
these components. 

[0037] The switching of the three-way valve 4, the ad- 
justment of the opening of the flow control valve 7, and 
the current supply to the load 22 are each controlled in 
accordance with signals output from a controller 10. 
[0038] The controller 1 0 is constituted by a microcom- 
puter comprising a central processing unit (CPU), read- 
only memory (ROM), random access memory (RAM), 
and an input/output interface (I/O interface). The con- 
troller 1 0 may be constituted by a plurality of microcom- 
puters. 

[0039] Theoretically, the hydrogen separating mem- 
brane 3C only allows the permeation of hydrogen, but 
in actuality pinholes tend to form during the manufactur- 
ing process of the hydrogen separating membrane 3C, 
and when pinholes occur, impurity gases in the refor- 
mate gas flow into the second chamber 3B in minute 
quantities. Thus the hydrogen-rich gas separated by the 
separator3 contains minute quantities of impurity gases 
such as carbon monoxide, carbon dioxide, and meth- 
ane. However, only hydrogen components are expend- 
ed in the power generation reaction in the anode 1A, 
and hence, as anode effluent continues to recirculate 
through the recirculation passage 5, the concentration 
of the impurity gases contained in the circulating gas 
gradually rises. 

[0040] When hydrogen-rich gas is supplied to the an- 



ode 1 A at a constant pressure while operating the fuel 
cell stack 1 , the partial pressure of the hydrogen in the 
hydrogen-rich gas decreases as the impurity gas con- 
centration of the hydrogen-rich gas increases, and 
5 thereby, the power generating efficiency of the fuel cell 
stack 1 deteriorates. Further, carbon monoxide in the 
impurity gas poisons the electrode catalyst of the anode 
1 A and the poisoned electrode catalyst causes a further 
reduction in the power generating efficiency of the fuel 
10 cell stack 1. 

[0041] Referring to FIG. 2, the curved line W1 illus- 
trates the relationship between the current density and 
cell voltage of a single fuel cell in a full load state when 
pure hydrogen is supplied to the anode 1A. Here, the 

15 current density is the value of the load current divided 
by the surface area of the reaction surface, of the fuel 
cell. If the fuel cell stack 1 operates continually while the 
anode effluent is recirculated, the impurity gases in the 
hydrogen-rich gas increase, and thus the fuel cell per- 

20 formance gradually deteriorates in the manner shown 
by the curved lines W2, W3, W4. Here, the curved line 
W4 illustrates fuel cell performance when the impurity 
gas concentration has reached the upper limit of allow- 
able concentration. 

25 [0042] There are various methods, such as the follow- 
ing, for defining the upper limit of allowable concentra- 
tion. 

[0043] First, it may be defined as the maximum impu- 
rity gas concentration under which a rated current can 
30 be supplied from the fuel cell stack 1 at a voltage re- 
quired by the load. 

[0044] Further, since deterioration in the output volt- 
age of the fuel cell stack 1 due to impurity gas leads to 
an increase in fuel consumption in the power plant, the 

35 upper limit of allowable impurity gas concentration may 
also be defined by the amount of fuel consumed. 
[0045] As noted above, carbon monoxide concentra- 
tion poisons the electrode catalyst of the fuel cell stack 
1 , leading to a reduction in power generating efficiency. 

40 However, this poisoning is eradicated by supplying hy- 
drogen-rich gas with a high degree of purity. Hence, the 
carbon monoxide concentration at a position of equilib- 
rium between poisoning and eradication of poisoning 
may be determined experientially, and this concentra- 

^5 tion may be defined as the upper limit of allowable im- 
purity gas concentration. 

[0046] The upper limit of allowable concentration is 
preferably determined by considering the values ac- 
quired by these various methods as a whole. 

50 [0047] The fuel cell voltage is maximum when the cur- 
rent density is zero and decreases as the current density 
rises. In a comparison of the curved lines W1 through 
W4, voltage decrease becomes pronounced in the re- 
gion where the current density is high. This is because 

55 the amount of hydrogen supplied to the electrode sur- 
face is insufficient for a reaction, and hence the partial 
pressure of the hydrogen in the electrode decreases. 
This voltage decrease shall be referred to as a voltage 
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decrease due to diffusion overpotential. It should be not- 
ed that the performance lines W1 through W4 in the 
drawing differ slightly depending on the temperature 
and pressure during operation of the fuel cell stack 1 . 
[0048] In order to restore the performance of the fuel 
cell, which deteriorates as operating time elapses, the 
controller 10 switches the three-way valve 4 from the 
normal running position to the purge running position ac- 
cording to necessity such that the anode effluent is re- 
leased into the atmosphere. The release of anode efflu- 
ent into the atmosphere from the purge running position 
shall be referred to as purging. In order to avoid the re- 
lease of hydrogen gas in the anode effluent into the at- 
mosphere during purging, the controller 10 increases 
the power generating load on the fuel cell stack 1 as the 
anode effluent is purged such that all or substantially all 
of the hydrogen in the hydrogen-rich gas which is sup- 
plied to the anode 1 A is expended in power generation. 
[0049] For the purposes of this control, a mass flow 
meter 11 for detecting the mass flow rate of the hydro- 
gen-rich gas supplied to the anode 1 A f an ammeter 12 
for detecting the output current of the fuel cell stack 1 , 
and a voltmeter 13 for detecting the output voltage of 
the fuel cell stack 1 are respectively provided. The de- 
tection values thereof are respectively input into the con- 
troller 10 as signals. 

[0050] Next, an anode effluent purging control routine 
which is executed by the controller 1 0 in order to perform 
this control will be described with reference to FIG. 3. 
This routine commences when the fuel cell stack be- 
comes capable of power generation, and is executed 
continuously until operation of the fuel cell stack 1 ceas- 
es. 

[0051] First, in a step S1 , the controller 10 sets the 
position of the three-way valve 4 to normal running po- 
sition so that the fuel cell stack 1 generates power while 
recirculating the anode effluent. Also, the opening of the 
flow control valve 7 is set such that an amount of hydro- 
gen-rich gas which exceeds a corresponding amount of 
current consumed by the load 22 is supplied to the an- 
ode 1 A of the fuel cell stack 1 . 

[0052] Then, in a step S2, a determination is made 
according to the following method as to whether or not 
the concentration of impurity gas in the hydrogen-rich 
gas supplied to the anode 1A has reached the upper 
limit of allowable concentration. 

[0053] More specifically, the current detected by the 
ammeter 1 2 is divided by the surface area of the reaction 
surface of each fuel cell constituting the fuel cell stack 
1 to thereby calculate the current density. Further, by 
dividing the voltage detected by the voltmeter 13 by the 
number of fuel cells in the fuel cell stack 1 , the output 
voltage per fuel cell is calculated. The current density 
and output voltage per fuel cell are then plotted on the 
diagram shown in FIG. 2. If the plotted point in FIG. 2 is 
positioned above the curved line W4 which corresponds 
to the upper limit of allowable concentration, it is deter- 
mined that the concentration of impurity gas is less than 



the upper concentration limit. If the point is on or below 
the curved line W4, it is determined that the impurity gas 
concentration has reached or exceeded the upper limit 
of allowable concentration. 
5 [0054] For the purposes of this determination, a map, 
table or mathematical expressions corresponding to the 
curved line W4 are stored in advance in the memory of 
the controller 1 0. On the basis of the current density and 
using the map, table, or mathematical expressions 
io stored in memory, the controller 1 0 calculates the output 
voltage per fuel cell on the curved line W4 correspond- 
ing to the current density. If the output voltage per fuel 
cell determined from the voltage detected by the volt- 
meter 13 exceeds the output voltage per fuel cell on the 
is curved line W4, it is determined that the impurity gas 
concentration has not reached the upper limit of allow- 
able concentration. If the output voltage per fuel cell de- 
termined from the voltage detected by the voltmeter 13 
does not exceed the output voltage per fuel cell on the 
20 curved line W4, it is determined that the impurity gas 
concentration has reached the upper limit of allowable 
concentration. 

[0055] Instead of performing determination of impurity 
gas concentration on the basis of the output current and 
25 output voltage of the fuel cell stack 1 in this manner, a 
CO sensor may be provided on a part of the anode ef- 
fluent recirculation path formed by the chamber 3B, the 
hydrogen supplying passage 9, the anode 1 A, and the 
recirculation passage 5 such that the concentration of 
30 impurity gas in the hydrogen-rich gas may be directly 
detected. 

[0056] When, as a result of this determination the con- 
centration of impurity gas in the hydrogen-rich gas has 
not reached the upper limit of allowable concentration, 
35 the controller 1 0 continues the power generation in the 
fuel cell stack 1 in normal running mode according to 
the step S1 and determination of the impurity gas con- 
centration according to the step S2. 
[0057] If, in the step S2, it is determined that the im- 
40 purity gas concentration has reached the upper limit of 
allowable concentration, the controller 10 switches the 
three-way valve 4 to the purge running position in a step 
S3 to commence the release of anode effluent into the 
atmosphere. 

45 [0058] Then, in a step S4, a target output current val- 
ue for the fuel cell stack 1 is set. This target output cur- 
rent value is set according to the following method on 
the basis of the mass flow rate of the hydrogen-rich gas 
detected by the mass flow meter 11 . 
so [0059] If the mass flow rate of the hydrogen-rich gas 
supplied to the anode 1 A from the hydrogen separator 
3 is divided by the mass of 1 mole (= molecular weight) 
of hydrogen under standard conditions, the molar flow 
rate nmols/sec of the hydrogen-rich gas Is obtained. In 
55 this calculation, the hydrogen-rich gas Is considered as 
pure hydrogen, when in fact impurity gases are con- 
tained in the hydrogen-rich gas. However, even when 
the hydrogen gas contains an allowable concentration 
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of impurity gas, the proportion of impurity gas is approx- 
imately 1 % and therefore minute in comparison with the 
proportion of hydrogen. It is therefore permissible to 
consider hydrogen-rich gas as approximately pure hy- 
drogen when calculating the mass flow rate of hydro- 
gen-rich gas. 

[0060] The power generating current of the fuel cell 
stack 1 for which all of the n mols/sec hydrogen is ex- 
pended is logically expressed by 2 n F ampere. Here, F 
is a Faraday constant. The controller 1 0 sets the target 
output current value as equal to this 2 n F ampere. 
[0061] Next, in a step S5, the controller 10 operates 
the aforementioned power managing unit by means of 
signal output to the load 22 to increase the load current, 
or in other words the output current of the fuel cell stack 
1 , by a predetermined amount. 

[0062] Then, in a step S6, the output current of the 
fuel cell stack 1 following this increase is compared with 
the target output current value. The processing in steps 
S6 and S7 is then repeated until the actual output cur- 
rent of the fuel cell stack 1 , detected by the ammeter 1 2, 
reaches the target output current value. 
[0063] If It is determined in the step S6 that the actual 
output current of the fuel cell stack 1 has reached the 
target output current value, the controller 1 0 waits for a 
predetermined time period in a step S7> During this waft- 
ing period, the three-way valve 4 is held at the purge 
running position and the anode effluent is purged. After 
the predetermined time period has elapsed, in a step 
S8, the controller 10 determines if the fuel cell stack 1 
should continue power generation. 
[0064] This determination is performed on the basis 
of signals from a key switch (not shown) which com- 
mands the fuel cell stack 1 to commence and halt oper- 
ations. 

[0065] If the fuel cell stack 1 has not been ordered to 
halt operations, that is if the fuel cell stack 1 should con- 
tinue to generate power, the controller 1 0 returns to the 
step S1 and repeats the aforementioned control. If the 
fuel cell stack 1 has been commanded to halt opera- 
tions, that is if the fuel cell stack 1 should stop power 
generation, the controller 10 terminates the routine. 
[0066] According to the execution of this routine, sub- 
stantially all of the hydrogen-rich gas is expended in the 
power generation of the fuel cell stack 1 during purging, 
and thus most of the anode effluent which is released 
into the atmosphere from the exhaust passage 6 is im- 
purity gas. Accordingly, there is no need to provide a 
burner or the like for processing hydrogen in the anode 
effluent which is discharged through purging. Also, 
since substantially all of the hydrogen gas is expended 
in the power generation reaction during purging, a high 
power generation efficiency is obtained. 
[0067] In this routine, the opening of the flow control 
valve 7 is calculated in another routine in accordance 
with the power generating current of the fuel cell stack 
1 which is required by the load 22. Hence the opening 
of the flow control valve 7 during the execution of purg- 
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ing is not constant and the target output current value 
during purging is calculated from the hydrogen-rich gas 
mass flow rate detected by the mass flow meter 11 . 
[0068] Also in this routine, refonmate gas is supplied 
to the hydrogen separator 3 in the same amount during 
purging as in the normal running position, and this refor- 
mate gas is supplied to the anode 1 A via the hydrogen 
permeable membrane 3C as hydrogen-rich gas. This 
hydrogen-rich gas causes an action for scavenging re- 
sidual Impurity gas in the second chamber 3B, hydrogen 
supplying passage 9 and anode 1A. 
[0069] Referring to FIG. 4, a second embodiment of 
this invention will be described. 

[0070] In the first embodiment, the output current of 
the fuel cell stack 1 during purging is increased beyond 
the output current during normal operations. Depending 
on the constitution or condition of the load 22, however, 
it is sometimes difficult to increase the output current. In 
this type of power plant, it is preferable for the controller 
10 to narrow the degree of opening of the flow control 
valve 7 upon commencement of purging so as to reduce 
the reformate gas flow rate. 

[0071 ] This embodiment corresponds to such a case, 
and the controller 1 0 executes processing for a step S1 A 
in place of the step S1 in the first embodiment, and 
processing for a step S3A In place of the step S3. 
Processing in the other steps is identical to that of the 
first embodiment. 

[0072] In the step S1 A the three-way valve 4 and flow 
control valve 7 are each set at the normal running posi- 
tion. If purging has been performed up to this point, this 
operation signifies returning the three -way valve 4 from 
the purge running position to the normal running position 
and returning the flow control valve 7 from the set open- 
ing for a purge operation to the opening during normal 
operations. The set opening for a purge operation is set 
smaller than the opening during normal operations. 
[0073] In the step S3 A, the three-way valve 4 is 
switched to the purge running position and the flow con- 
trol valve 7 is narrowed to the set opening for a purge 
operation from the opening during normal operations. 
[0074] When the opening of the flow control valve 7 
is narrowed to the set opening during purging in this 
manner, the target output current value calculated in the 
following step S4 becomes a constant value at all times. 
Therefore, in this case the mass flow meter 11 may be 
omitted and the calculation in the step S4 may also be 
omitted. 

[0075] By narrowing the degree of opening of the flow 
control valve 7 in the step S3 A, the output current of the 
fuel cell stack 1 is reduced. As a result, the target output 
current value may become smaller than the actual out- 
put current value prior to narrowing of the degree of 
opening of the flow control valve 7. The target output 
current value is the maximum power generating current 
of the fuel cell stack 1 when the opening of the flow con- 
trol valve 7 is narrowed, and by narrowing the opening 
of the flow control valve 7, the actual output current val- 
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ue falls to or below the target current value. Hence in 
this embodiment also, the output current value of the 
fuel cell stack 1 is increased to the target current value 
in the steps S5 and S6. 

[0076J Referring to FIG. 5, a third embodiment of this 
invention will be described. 

[0077] Regarding the hardware in this embodiment, 
the mass flow meter 1 1 has been omitted from the con- 
stitution of the first embodiment in FIG. 1 . Regarding the 
processing of the controller 1 0, the method of setting the 
target output current value during purging differs from 
the first embodiment. 

[0078] The controller 1 0 performs processing In a step 
S4A in place of step S4 in the first embodiment. The 
processing in the other steps is identical to that of the 
first embodiment. 

[0079] In the step S4A, a value which is written to the 
ROM in advance on the basis of the fuel cell perform- 
ance is applied as the target output current value. 
[0080] The target current value written in the ROM is 
set on the basis of the diffusion overpotential tendency 
of the fuel cell. In other words, on the curved line W4 in 
FIG. 2 which corresponds to the upper limit of allowable 
concentration, a current value corresponding to the cur- 
rent density C1 at which the output voltage of the fuel 
cell drastically decreases due to the influence of diffu- 
sion overpotential is set as the target current value. The 
drastic decrease in the output voltage of the fuel cell sig- 
nifies that insufficient hydrogen for a power generation 
reaction has been supplied to the anode 1 A. In this state, 
substantially all of the supplied hydrogen is expended 
in the power generation reaction. Thus, if the output cur- 
rent of the fuel cell stack 1 during purging is increased 
to the current value corresponding to C1, hydrogen can 
be prevented from remaining in the anode effluent. 
[0081] As noted previously, however, lines W1 - W4 
in FIG. 2 indicate performance in a full load state. When 
the opening of the flow control valve 7 is narrowed, the 
hydrogen supply amount decreases and the fuel cell 
stack 1 enters a partial load state. The region in which 
diffusion overpotential becomes pronounced on the 
curved line W4 changes as is shown on curved line W4A 
in the drawing. Thus in this case, the target output cur- 
rent value is set to a current value corresponding to the 
current density C2 at which the output voltage of the fuel 
cell according to the curved line W4A drastically de- 
creases due to the influence of diffusion overpotential. 
In so doing, the target output current value can be de- 
termined depending only on the opening of the flow con- 
trol valve 7. When the opening of the flow control valve 
7 is controlled by the controller 10, the opening of the 
flow control valve 7 is data which is known to the con- 
troller 1 0, and therefore the target output current value 
can be determined without detecting the mass flow rate 
of the hydrogen-rich gas using the mass flow meter 11 . 
[0082] Hence, when purging is executed with a spe- 
cific opening of the flow control valve 7 at all times, the 
target output current value which is written into the ROM 



can be set as a fixed value. In this case, the processing 
of the step S4A simply consists of reading the value writ- 
ten in the ROM. When purging is performed with an ar- 
bitrary opening of the flow control valve 7, on the other 
5 hand, a map of the target output current value altering 
in accordance with the opening of the flow control valve 
7 is written into the ROM, and in the step S4A the map 
is referred to on the basis of the opening of the flow con- 
trol valve 7 so as to dynamically set the target output 
10 current value. 

[0083] According to this embodiment, the mass flow 
meter 11 may be omitted, and hence the constitution of 
the device for achieving the object of the invention is 
simplified. 

is [0084] Referring now to FIG. 6, a fourth embodiment 
of this invention will be described. 
[0085] Similarly to the third embodiment, the mass 
flow meter 11 is also omitted in this embodiment, and 
as regards the processing of the controller 10, the step 
20 S4A of the third embodiment for setting the target output 
current value is also omitted. In place of the step S6 in 
the third embodiment, processing in a step S6A is per- 
formed. Processing in the other steps is identical to that 
of the third embodiment. 
25 [0086] In this embodiment, a target output current val- 
ue is not set. In the step S6A, the output voltage per fuel 
cell is calculated from the output voltage detected by the 
voltmeter 13 and a determination is made as to whether 
this output voltage reaches 0.5 volts (V) or not. On the 
30 curved line W4 in FIG. 2, this value corresponds to the 
voltage when the output voltage of the fuel cell decreas- 
es drastically. It should be noted, however, that this val- 
ue differs according to the fuel cell characteristic and is 
therefore set experientially in advance. 
55 [0087] This embodiment corresponds to the case in 
the third embodiment where the target current value is 
fixed at a value corresponding to the current density CI. 
The constitution of the device for achieving the object of 
the invention may also be simplified according to this 
40 embodiment. 

[0088] Referring to FIGs. 7 and 8, a fifth embodiment 
of this invention will be described. 
[0089] As is illustrated in FIG. 7, in this embodiment 
the mass flow meter 11 from the first embodiment has 
45 been omitted and a short circuit 23 with a switch 24 is 
newly provided. In the first embodiment, the controller 
10 increases the output current of the fuel cell stack 1 
by operating the power managing unit of the load 22, 
whereas in this embodiment, the output current of the 
so fuel cell stack 1 is increased by turning the switch 24 on 
and short-circuiting the short circuit 23. 
[0090] If the output current of the fuel cell stack 1 be- 
comes excessive when the switch 24 is turned on, the 
increase range of the output current can be adjusted by 
55 connecting resistance in series with the switch 24. 
[0091] The controller 10 executes the routine shown 
in FIG. 8 instead of the routine of the first embodiment 
shown in FIG. 3. 
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[0092] In the routine in FIG. 8, the steps S4 through 
S6 of the routine in FIG. 3 are omitted, and in place 
thereof a step S11 is provided. Also, a step S12 is pro- 
vided between the steps S7 and S8. The processing in 
the steps S1 through S3 and the steps S7 and S8 is s 
identical to that of the first embodiment. 
[0093] In the step S11, the controller 10 turns the 
switch 24 on by means of signal output. When the switch 
24 is turned on, the short circuit 23 is short-circuited and 
thus the output current of the fuel cell stack 1 increases. 10 
[0094] After this state has continued for a predeter- 
mined time period in the step S7, the controller 1 0 turns 
the switch 24 off in the step S12. 
[0095] While waiting for the predetermined time peri- 
od in the step S7, the fuel cell stack 1 consumes all of *s 
the hydrogen supplied to the anode 1 A in order to cover 
the increased output current. When the surplus hydro- 
gen is thus expended, the output voltage of the fuel cell 
stack 1 decreases and the output current also decreas- 
es. Accordingly, the switch 24 may be turned off by mon- 20 
itoring the decreases in the voltage and current rather 
than waiting for a predetermined time period. 
[0096] Referring to FIG. 9 and FIGs 1 0A, 1 0B, a sixth 
embodiment will be described. 

[0097] In this embodiment, the exhaust passage 6 25 
does not open onto the atmosphere but, as is illustrated 
in FIG. 9, is connected to the air supplying passage 31 
for supplying air to the cathode 1 C via an ejector 32. As 
noted previously, the output current of the fuel cell stack 
1 is increased during purging, and hence the hydrogen so 
concentration in the anode effluent decreases greatly. It 
is, however, possible for a small amount of hydrogen to 
remain in the anode effluent. In this embodiment, by 
leading the anode effluent to the cathode 1C, the resid- 
ual hydrogen in the anode effluent is oxidized by oxygen 35 
in the cathode 1C. 

[0098] For this purpose, in this embodiment the ex- 
haust passage 6 of the first embodiment is merged with 
the air supplying passage 31 via the ejector 32. Further, 
the mass flow meter 1 1 of the first embodiment is omit- *o 
ted and the recirculation passage 5 is provided with a 
pressure sensor 33. The pressure detected by the pres- 
sure sensor 33 is input into the controller 1 0 as a signal. 
Otherwise, the constitution of the hardware relating to 
the purging of anode effluent is identical to that of the 45 
first embodiment. 

[0099] The controller 1 0 executes the routine shown 
in FIGs. 10A and 10B instead of the routine of FIG. 3 as 
the anode effluent purging control routine. 
[01 00] First, in the step S1 A, the controller 1 0 sets the so 
three -way valve 4 and flow control valve 7 to their re- 
spective normal running positions. 
[0101] In the next step S2, a similar determination is 
made to that in the first embodiment as to whether the 
concentration of impurity gas in the hydrogen-rich gas ss 
has reached the upper limit of allowable concentration 
or not. The controller 1 0 repeats the processing of steps 
S1 A and S2 until the impurity gas concentration reaches 



the upper limit of allowable concentration. 

[0102] When the impurity gas concentration has 

reached the upper limit of allowable concentration, the 

controller 1 0 closes the flow control valve 7 in a step 

S21. 

[0103] As a result, the supply of reformate gas to the 
chamber 3A is halted and only the anode effluent in the 
anode effluent recirculation path comprising the recircu- 
lation passage 5, chamber 3B, and hydrogen supplying 
passage 9 is supplied to the anode 1 A. 
[01 04] In a next step S22, the controller 1 0 calculates 
the molar quantity of the residual hydrogen in the anode 
effluent recirculation path. This calculation is expressed 
by the product of the total capacity of the anode effluent 
recirculation path and the hydrogen partial pressure of 
the anode effluent recirculation path. 
[0105] The hydrogen partial pressure is estimated 
from the pressure in the anode effluent recirculation 
path which is detected by the pressure sensor 33 and 
the output voltage per fuel cell which is calculated from 
the voltage detected by the voltmeter 13 immediately 
prior to the execution of the step S21 . 
[01 06] In a next step S23, the controller 1 0 calculates 
a target electric charge amount for the fuel cell stack 1 
during a purge operation. The target electric charge 
amount is determined by multiplying the Faraday con- 
stant with the molar quantity of residual hydrogen. 
[0107] In a next step S24, the controller 1 0 reads the 
target current value corresponding to the amount of time 
elapsed following the commencement of a purge oper- 
ation from a time dependent map stored in the ROM in 
advance. This map is set experientialry on the basis of 
changes in the output current of the fuel cell stack 1 dur- 
ing a purge operation. 

[0108] In a next step S25, the actual output current of 
the fuel cell stack 1 detected by the ammeter 12 is time- 
integrated. 

[0109] In a next step S26, the controller 1 0 operates 
the aforementioned power managing unit so that the 
output current of the fuel cell stack 1 becomes equal to 
the target current value. 

[0110] In the next step S7, the controller 10 waits for 
a predetermined time period. 

[0111] In a next step S27, the controller 1 0 determines 
whether the current integral value has reached the tar- 
get electric charge amount. This determination indicates 
whether or not the residual hydrogen in the anode efflu- 
ent recirculation path has been expended for power 
generation. If the current integral value of the residual 
hydrogen has not reached the target electric charge 
amount, the controller 1 0 repeats the processing in the 
steps S24 through S27. 

[01 12] If the integral value of the current has reached 
the target electric charge amount, the controller 10 
switches the three -way valve 4 to the purge running po- 
sition in a step S28. The anode effluent then flows into 
the air supplying passage 31 via the ejector 32. The 
ejector 32 uses the air pressure of the air supplying pas- 
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sage 31 to ensure that the anode effluent is recirculated 
into the air supplying passage 31 . 
[0113] In a next step S29, the controller 10 waits for 
a predetermined time period. In a next step S30, the 
controller 10 clears the integrated value of the current. 
[0114] In the next step S8, a determination is made 
as to whether the fuel cell stack 1 should continue power 
generation. If the determination result is affirmative, the 
controller 10 returns to the step S1A and repeats the 
above control. If the determination result is negative, the 
controller 1 0 terminates the routine. 
[01 15] In this embodiment, substantially all of the hy- 
drogen in the anode effluent is used for power genera- 
tion until the controller 10 switches the three-way valve 
4 to the purge running position in the step S28. Thus, 
almost all of the anode effluent at the beginning of a 
purge operation consists of impurity gases such as car- 
bon monoxide, carbon dioxide, and methane. 
[0116] In this embodiment, such anode effluent is 
mixed with the air which is supplied to the cathode 1C, 
and therefore these impurity gases are oxidized and dis- 
charged from the cathode 1 C as harmless components. 
Even if hydrogen remains In the anode effluent, this hy- 
drogen is oxidized in the cathode 1 C and discharged as 
a noncombustible substance. 

[01 1 7] I n the step S25 of this embodiment, the integral 
value of the output current of the fuel cell stack 1 is cal- 
culated and a determination is made on the basis of this 
current integral value as to whether the residual hydro- 
gen in the anode effluent circulation path has been com- 
pletely expended. However, it is also possible in this em- 
bodiment, as in the first embodiment, to expend the re- 
sidual hydrogen in the anode effluent circulation path by 
controlling the output current of the fuel cell stack 1 to a 
set target output current value and then maintaining this 
state for a predetermined time period. That is, the steps 
S4 through S7 may be applied in place of the steps S24 
through S27. 

[0118] All of the aforementioned first through sixth 
embodiments relate to a fuel cell power plant in which 
hydrogen-rich gas purified from reformate gas is sup- 
plied to the fuel cell stack 1 . 

[01 1 9] However, this invention may also be applied to 
a fuel cell power plant in which hydrogen purified in ad- 
vance is supplied to the fuel cell stack 1 . In a case where 
pre-purified hydrogen with a high degree of purity is sup- 
plied to the fuel cell stack 1 , and anode effluent is recir- 
culated through the recirculation passage 5, similar 
problems to a power plant which uses reformate gas 
arise in that the concentration of impurity gases in the 
hydrogen supplied to the fuel cell stack 1 increases as 
the power plant continues to operate. 
[0120] A seventh embodiment and eighth embodi- 
ment of this invention, which will now be described, are 
embodiments in which this invention is applied to this 
type of fuel cell power plant. 

[0121] First, referring to FIG. 11 , the seventh embod- 
iment will be described. 
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[0122] In a fuel cell power plant according to this em- 
bodiment, hydrogen stored in a hydrogen tank 41 is sup- 
plied to the anode 1 A of the fuel cell stack 1 through the 
hydrogen supplying passage 9 at a constant pressure 
determined by a pressure regulator 42. The anode ef- 
fluent which is discharged from the anode 1 A is merged 
in the hydrogen supplying passage 9 via an identical 
three-way valve 4 and recirculation passage 5 which are 
identical to the first embodiment, and an ejector 43. 
[0123] In this embodiment, as in the first embodiment, 
when the impurity gas concentration in the hydrogen 
which is supplied to the anode 1 A reaches a predeter- 
mined concentration, the three-way valve 4 is switched 
to the purge running position and the output current of 
the fuel cell stack 1 is increased so that the hydrogen 
concentration in the purged anode effluent can be re- 
duced. 

[0124] Next, referring to FIG. 12, the eighth embodi- 
ment will be described. 

[0125] The fuel cell power plant according to this em- 
bodiment corresponds to that of the seventh embodi- 
ment where the anode effluent recirculation passage 5, 
the three-way valve 4 and the ejector 43 are omitted! 
and a shut-off valve 44 for the exhaust passage 6 pro- 
vided instead. 

[0126] In the interior of the fuel cell stack 1 , as noted 
above, minute amounts of impurity gas leak out from the 
cathode 1C to the anode 1A via the electrolyte 1B. 
Minute amounts of impurity gas may aJso be contained 
in the hydrogen in the hydrogen tank 41 . During normal 
operations in this embodiment, the shut-off valve 44 is 
closed and the controller 10 controls the flow control 
valve 7 such that all of the supplied hydrogen is used 
for generating power in the fuel cell stack 1. 
[01 27] When the impurity gas concentration in the hy- 
drogen supplied to the anode 1A reaches a predeter- 
mined concentration, however, the controller 10 opens 
the shut-off valve 44 to release the anode effluent into 
the atmosphere. At this time, as in the first embodiment, 
the hydrogen concentration in the purged anode effluent 
may be reduced by increasing the output current of the 
fuel cell stack 1 . 

[0128] The contents of Tokugan 2002-38072, with a 
filing date of February 15, 2002 in Japan, are hereby 
incorporated by reference. 

[0129] Although the invention has been described 
above by reference to certain embodiments of the in- 
vention, the invention is not limited to the embodiments 
described above. Modifications and variations of the 
embodiments described above will occurto those skilled 
in the art, in light of the above teachings. 
[0130] For example, in each of the first through sixth 
embodiments, the flow control valve 7 is provided be- 
tween the reformer 2 and the hydrogen separator 3. 
However, the flow control valve 7 is not limited to this 
position and may be provided anywhere upstream of the 
anode 1A. 

[0131] The embodiments of this invention in which an 
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exclusive property or privilege is claimed are defined as 
follows: 



Claims 

1 . A fuel cell power plant comprising a fuel cell stack 
(1 ) f or performing power generation by means of an 
electrochemical reaction between hydrogen con- 
tained in hydrogen-rich gas which is supplied to an 
anode (1 A) and oxygen which is supplied to a cath- 
ode (1C), the fuel cell stack (1) comprising a 
stacked body of a plurality of fuel cells each of which 
outputs an electrical current in accordance with an 
electrochemical reaction amount, characterized 
by: 

an adjustment mechanism (7, 22, 24) which ad- 
justs one of a flow rate of the hydrogen-rich gas 
supplied to the anode (1A) and an output cur- 
rent of the fuel cell stack (1 ); and 
a controller (10) functioning to: 

determine if a concentration of the impurity 
gas has reached a predetermined concen- 
tration (S2); and 

control the adjustment mechanisms (7, 22, 
24) to cause an entire amount of the hydro- 
gen supplied to the anode (1A) to be ex- 
pended in power generation by the fuel cell 
stack (1) (S3A, S5, S11, S21, S26), when 
the concentration of the impurity gas has 
reached the predetermined concentration 
(S3A f S5, S11, S21.S26). 

I. The fuel cell power plant as defined in Claim 1 , 
wherein the power plant further comprises means 
(12,13) for detecting a concentration of impurity gas 
contained in the hydrogen-rich gas. 



3. The fuel cell power plant as defined in Claim 1 or 
Claim 2, wherein the power plant further comprises 
a valve (4, 44) which can release anode effluent dis- 
charged from the anode (1A) due to the electro- 
chemical reaction into the atmosphere, and the con- 
troller (1 0) is further functioning to operate the valve 
(1 0) to cause the anode effluent to be released into 
the atmosphere when the concentration of the im- 
purity gas has reached the predetermined concen- 
tration (S3, S3 A). 

4. The fuel cell power plant as defined in any one of 
Claim 1 through Claim 3, wherein the controller (1 0) 
is further functioning to control the adjustment 
mechanism (7, 22, 24) to cause an amount of hy- 
drogen supplied to the anode (1 A) to be larger than 
an amount of hydrogen expended in power gener- 
ation by the fuel cell stack (1). 
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. The fuel cell power plant as defined in any one of 
Claim 1 through Claim 4, wherein the power plant 
further comprises a recirculation passage (5) which 
re-supplies anode effluent discharged from the an- 
ode (1 A) due to the electrochemical reaction to the 
anode (1 A), an exhaust passage (6) which releases 
the anode effluent into the atmosphere, and a three- 
way valve (4) for selectively connecting the recircu- 
lation passage (5) and the exhaust passage (6) to 
the anode (1A), and the controller (10) is further 
functioning to operate the three-way valve (4) to 
connect the recirculation passage (5) to the anode 
(1 A) when the concentration of the impurity gas has 
not reached the predetermined concentration, and 
connect the exhaust passage (6) to the anode (1 A) 
when the concentration of the impurity gas has 
reached the predetermined concentration (S1, 
S1A, S3, S3 A). 

The fuel cell power plant as defined in any one of 
Claim 1 through Claim 5, wherein the power plant 
further comprises a reformer (2) which produces a 
reformate gas containing hydrogen from fuel, and a 
hydrogen separator (3) which produces the hydro- 
gen-rich gas by causing the hydrogen in the re- 
formed gas to permeate through a hydrogen per- 
meable membrane (3C), wherein the recirculating 
passage (5) recirculates the anode effluent to a flow 
of the hydrogen-rich gas between the hydrogen per- 
meable membrane (3C) and the anode (1A). 

The fuel cell power plant as defined in any one of 
Claim 1 through Claim 6, wherein the adjustment 
mechanism (7, 22, 24) comprises a flow control 
valve (7) which adjusts a flow rate of the hydrogen- 
rich gas supplied to the anode (1 A). 

The fuel cell power plant as defined in any one of 
Claim 1 through Claim 7 f wherein the fuel cell stack 
(1) is connected to an electrical load (22), and the 
adjustment mechanism (7, 22, 24) comprises a cur- 
rent adjustment mechanism (22) which adjusts a 
current consumed by the electrical load (22). 

The fuel cell power plant as defined in any one of 
Claim 1 through Claim 8, wherein the fuel cell stack 
(1) is connected to an electrical load (22) via an 
electrical circuit (21), and the adjustment mecha- 
nism (7, 22, 24) comprises a switch (24) which can 
short cut the electrical circuit (21). 



10. The fuel cell power plant as defined in any one of 
Claim 1 through Claim 9, wherein the adjustment 
mechanism (7, 22, 24) comprises a current adjust- 
ment mechanism (22, 24) which adjusts the output 
current of the fuel cell stack (1), and the controller 
(10) is further functioning to control the current ad- 
justment mechanism (22, 24) to increase the output 
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current of the fuel cell stack (1) when the concen- 
tration of the impurity gas has reached the prede- 
termined concentration (S5, S1 1 ). 

11. The fuel cell power plant as defined in any one of 5 
Claim 1 through Claim 10, wherein the adjustment 
mechanism (7, 22, 24) comprises a flow control 
valve (7) which adjusts the flow rate of the hydro- 
gen-rich gas supplied to the anode (1A), and the 
controller (10) is further functioning to control the 10 
flow control valve (7) to decrease the flow rate of 
the hydrogen-rich gas supplied to the anode (1A) 
when the concentration of the impurity gas has 
reached the predetermined concentration (S3A 
S21). ' , 5 

12. The fuel cell power plant as defined in any one of 
Claim 1 through Claim 11, wherein the power plant 
further comprises an air supplying passage (31) 
which supplies air to the cathode (1 C) f a recircula- 20 
tlon passage (5) which re-supplies anode effluent 
discharged from the anode (1 A) due to the electro- 
chemical reaction to the anode (1A), and a three- 
way valve (4) which selectively connects the recir- 
culation passage (5) and the air supplying passage 25 
(31) to the anode (1 A) ? the adjustment mechanism 
(7, 22, 24) comprises a flow control valve (7) which 
adjusts the flow rate of the hydrogen-rich gas sup- 
plied to the anode (1 A) t and the controller (10) is 
further functioning, when the concentration of the 30 
impurity gas has reached the predetermined con- 
centration, to close the flow control valve (7) (S21 ), 
calculate an amount of residual hydrogen in the an- 
ode effluent recirculated to the anode (1A) (S22), 
and operate the three-way valve (4) to continue 35 
connecting the recirculation passage (5) to the an- 
ode (1A) until the residual hydrogen in the anode 
effluent is expended in the power generation by the 
fuel cell stack (1)(S1 A). 

40 

13. The fuel cell power plant as defined in Claim 12, 
wherein the controller (10) is further functioning to 
operate the three-way valve (4) to connect the air 
supply passage (31) to the anode (1 A) after the re- 
sidual hydrogen in the anode effluent has been ex- 45 
pended in the power generation by the fuel cell 
stack (1)(S28). 



output current (S5, S6). 

15. The fuel cell power plant as defined in Claim 2, 
wherein the impurity gas concentration detecting 
means (12, 13) comprises an ammeter (12) which 
detects an output current of the fuel cell stack (1), 
and a voltmeter (13) which detects an output volt- 
age of the fuel cell stack (1 ), and the controller (1 0) 
is further functioning to determine whether or not 
the concentration of the impurity gas has reached 
the predetermined concentration on the basis of the 
output current and the output voltage of the fuel cell 
stack (1)(S2). 

16. The fuel cell power plant as defined in Claim 15, 
wherein the controller (1 0) is further functioning to 
calculate an output voltage per unit fuel cell from 
the output voltage of the fuel cell stack (1 ), calculate 
a current density per reaction surface area of the 
unit fuel cell from the output current of the fuel cell 
stack (1), and determine that the concentration of 
the impurity gas has reached the predetermined 
concentration when the output voltage per unit fuel 
cell is not greater than a voltage value which has 
been set according to the current density per reac- 
tion surface area of the unit fuel cell (S2). 

17. The fuel cell power plant as defined in Claim 2, 
wherein the impurity gas concentration detecting 
means (12, 13) comprises a sensor (11) which de- 
tects a mass flow rate of the hydrogen-rich gas sup- 
plied to the anode (1 A), the adjustment mechanism 
(7, 22, 24) comprises a current adjustment mecha- 
nism (22) which adjusts the output current of the fuel 
cell stack (1 ), and the controller (1 0) is further func- 
tioning, when the concentration of the impurity gas 
has reached the predetermined concentration, to 
calculate a target output current of the fuel cell stack 
(1 ) from the mass flow rate of the hydrogen-rich gas 
(S4) and control the current adjustment mechanism 
(22) to cause the output current of the fuel cell stack 
(1) to coincide with the target output current (S5 
S6). 



14. The fuel cell power plant as defined in any one of 
Claim 1 through Claim 13, wherein the adjustment so 
mechanism (7, 22, 24) comprises a current adjust- 
ment mechanism (22) which adjusts the output cur- 
rent of the fuel cell stack (1 ), and the controller (1 0) 
is further functioning, when the concentration of the 
impurity gas has reached the predetermined con- ss 
centration, to control the current adjustment mech- 
anism (22) to cause the output current of the fuel 
cell stack (1 ) to coincide with a predetermined target 



18. The fuel cell power plant as defined in Claim 2, 
wherein the adjustment mechanism (7, 22, 24) com- 
prises a current adjustment mechanism (22) which 
adjusts the output current of the fuel cell stack (1), 
the impurity gas concentration detecting means 
(12, 13) comprises a voltmeter (13) which detects 
an output voltage of the fuel cell stack (1), and the 
controller (10) is further functioning to calculate an 
output voltage per unit fuel cell from the output volt- 
age of the fuel cell stack (1 ), and control the adjust- 
ment mechanism (22) to cause the output voltage 
per unit fuel cell to coincide a predetermined voltage 
(S5, S6A). 
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1 9. A control method of a fuel cell power plant compris- 
ing a fuel cell stack (1 ) for performing power gener- 
ation by means of an electrochemical reaction be- 
tween hydrogen contained in hydrogen-rich gas 
which is supplied to an anode (1A) and oxygen 5 
which is supplied to a cathode (1C), the fuel cell 
stack (1 ) comprising a stacked body of a plurality of 
fuel cells each of which outputs an electrical current 
in accordance with an electrochemical reaction 
amount, and one of a flow rate of the hydrogen-rich 1 o 
gas supplied to the anode (1 A) and an output cur- 
rent of the fuel cell stack (1 ) being adjusted by an 
adjustment mechanism (7, 22, 24), characterized 
In that the method comprising: 

15 

determining if a concentration of the impurity 
gas has reached a predetermined concentra- 
tion (S2); and 

controlling the adjustment mechanisms (7, 22, 
24) to cause an entire amount of the hydrogen 20 
supplied to the anode (1A) to be expended in 
power generation by the fuel cell stack (1 ) (S3A, 
S5 ( S11 , S21 , S26), when the concentration of 
the impurity gas has reached the predeter- 
mined concentration (S3A f S5, S1 1 , S21 , S26). 25 
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